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. The present invention relates to radio linear * 
transmitters. More specifically, it relates to a linear 
transmitter, whose stability of operation is maintained 
without an isolator and a method of adjusting an output 
level of such transmitter* 




IS- 



20 



25 



30 



Radio communication devices use antennas to provide 
"f or r the efficient transmission of radio frequency (RF) *■ 
communication signals. The transmitter portion of a 
communication device includes a power amplifier to 
amplify the radio frequency signals before they are 
coupled to the antenna for transmission. As modern radio 
communication systems work in narrow frequency bands the 
transmitters' circuitries require RF power amplifiers 
able to operate in a linear fashion. Linear 
amplification is required to prevent distortion of the 
modulated signal and minimizing the interference. 
However non-linearity of real world RF amplifiers 
appears when they are operated at high drive levels. • 
Similar situations may be caused by operating 
conditions. For example, a transmitter operating near an 
electromagnetically reflective structure may be 
susceptible to energy reflected back through the antenna 
into the transmitter. 



35 



There are known in the art transmitters with 
improved linearity. One method of linearization of 
transmitters is to use a Cartesian feedback loop based 
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linear izer. The Cartesian feedback linearizer allows 
maintaining linearity of the transmitter while still 
allowing RF power amplifier to work close to its 
saturation point thus maintaining good efficiency. To 

5 protect against changes in load impedance as a result of 
reflected energy, an isolator or circulator is often 
inserted between the antenna and the power amplifier* 
The isolator protects the power amplifier by absorbing 
the reflected energy and preventing it from reaching the 

10 amplifier. The isolator directs the reflected energy to 
an absorptive load termination- Although the isolator 
generally works well, it adds significant cost, size, 
and weight to the design of a radio communication 
device* Isolators are narrowband, expensive and have 

15 large physical dimensions (especially at low 
frequencies) - 

* 

There are also known in the art Cartesian loop 
transmitters without isolators. One such example is 

20 described in US patent application no. US2003/0031271. 
In this document a method for isolator elimination is 
disclosed. In this prior art solution an isolator 
eliminator provides phase and level correction signals 
on the basis of samples of an information signal and a 

25 drive signal sampled from a feedback loop* These 

correction signals maintain stability the operation o£ 
the transmitter. 

SUflffltoSuCy o£ the Invention 

30 The term LP2 herein below refers to a point in the 

transmitter circuit located between loop poles and zeros 
and upmixer. 



) 
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The term, small signal herein below refers to any 
signal transmitted by the transmitter whose level is 
significantly below the baseband signal level. 

5 There is a need for an apparatus and a method for 

adjusting an output level of a Cartesian loop 
transmitter which alleviate or overcome the 
disadvantages of the pxior art. 

* 

10 According to a first aspect of the present 

invention there is thus provided a Cartesian loop 
transmitter comprising a forward path and a feedback 
path (each of these paths comprising an I-channel and a 
Q-channel} as well as an isolator eliminator, said 

15 transmitter comprising: 

• a first low pass filter and a first wide band pass 
filter connected to said I-charuiel at Lp2; 

• a second low pass filter and a second wide band 
pass filter connected to said Q-channel at 

» 

• a first root mean square detector collecting 
signal from said first wide band pass filter and 
from said second wide band pass filter; 

• a second root mean square detector collecting 
signal from ?aid first low pass filter and from 

25 said second low pass filter; 

• a first divider connected to said first and said 
second root mean square detectors; 

• a means for comparing connected to said first 
divider and to 

30 • a microprocessor connected to input attenuators 

on said I- and Q-channels. 

Preferably said Cartesian loop transmitter further 
comprising a first narrow band pass filter connected to 
35 said I-channel at LP2 and a second narrow band pass 



20 
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filter connected to said Q-channel at LP2. Said two 
narrow band pass filters are connected to a third root 
mean square detector. Further a second divider is 
connected to said second and said third root mean square 
5 detectors and to said means for comparing. 

According to a second aspect of the present 
invention there is thus provided a method of adjusting 
an output level of a Cartesian loop transmitter in a 

10 digital radio communication system. The method 

comprising the steps of generating a email signal at a 
predefined frequency offset and then applying a factory 
predefined attenuation ; setting for adjusting said output 
level if attenuation setting for a previous slot is not 

15 available or applying said attenuation setting obtained 
in previous slot for adjusting said output level in a 
current slot* Further steps are measuring an on-channel 
baseband signal level at LP2 and measuring said small 
signal level *t a predefined frequency offset at LP2* In 

20 the following steps a first ratio of said small signal 
level to said on-channel baseband signal level is 
calculated. If said first ratio is above a first 
threshold then attenuation setting of an input signal is 
increased. In final step said attenuation setting is 

25 stored in a memory. 

Preferably said on-channel baseband signal level is 
measured after filtering in low pass filter and said 
small signal level is measured after filtering in a wide 
30 band pass filter. Additionally said small signal level 
is also measured after filtering in a narrow band pass 
filter. Then a second ratio of said small signal level 
after filtering in said narrow band pass filter to said 
on-channel baseband signal level is calculated. If said 




t 
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second ratio is below a second threshold then said 
attenuation setting of an input signal is reduced „ 

Characteristics of a Radio Frequency Power 
Amplifier (e.g. Adjacent Channel Power (ACP) , output 
power, etc. ) change under influence of Voltage Standing 
Wave Ratio {VSWR) * The present invention beneficially 
allocs adjusting a Cartesian loop output power by 
monitoring said Radio Frequency Power Amplifier (RFPA) 
nonlirtearity . 

Advantages of the present invention include: 
1) The method does not rely on specific RFPA 
behaviour versus VSWR. The invention allows 

# ■ 

15 monitoring of, Cartesian linearization loop small 

signal gain and adjusts the input signal. 

2} The method does not require RFPA characteristic 

■ 

factory tuning. 
3} The method reduce power fast if Cartesian loop 

20 gain is reduced due to VSWR (signal after 

filtering in said wide bandpass filter is taken 
for calculations) , When loop gain returns to 
normal power the gain increase is. slower to 
improve accuracy (signal after filtering in said 

25 narrow bandpass filter is taken for calculations) . 

Brief <te^cxiptioii of the drawings 

The present invention will be understood and 
appreciated more fully from the following detailed 
30 description taken in conjunction with the drawings in 
which : 

« 

Fig. 1 is a schematic diagram illustrating a 
Cartesian loop transmitter in accordance with an 
35 embodiment of the present invention; 
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Pig, 2 is a flow chart illustrating a method of 
adjusting an output level of a Cartesian loop 
transmitter in accordance with an embodiment of the 

i 

present invention; 

* 

Fig. 3 is a simplified diagram of a known in the 
art Cartesian feedback loop transmitter. 

Dot-ailed description of an embodiment of the invention 

Referring to Fig- 1 a Cartesian loop transmitter 
circuit 100 according to one embodiment of the present 
invention is presented*. Said Cartesian loop transmitter 
100 incorporates a forward path 102, a feedback path 104 
and an isolator eliminator 105. Said Cartesian loop 
transmitter 100 receives inputs at a Baseband frequency 
in I- and Q-charmels' attenuators, 108 and 110 
respectively. Baseband signals from said attenuators 108 
and 110 pass Cartesian loop summing junctions 112 and 
114 to amplifiers and loop filters 116 and 118* Said 
baseband signals are then upconverted to radio frequency 
(RF) signals by upconverters 120 and 122. Said RF 
signals are then combined at a RF slimmer 124 and 
amplified by a Radio Frequency Power Amplifier (RFPA) 
126 and then transmitted over the air from an antenna 
128. 

Said feedback path 104 is supplied with a feedback 
signal from, a directional coupler 130 which takes part 
of said RF signal from said forward path 102. Said 
feedback signal from, said directional coupler 130 is 
downconverted to said baseband frequency by 
downconverters 132 and 134. 
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A local oscillator (LO) 136 generates a continuous 
wave RF carrier at the RF transmit frequency. A signal 
from said LO 136 is then applied to an I -channel up- 
converter 120 and an I-channel down-converter 132 . Said 
5 LO 136 signal is also applied to a Q-channel up- 

converter 122 through a first 90 degree phase shifter 

* 

158 and to a Q-channel down-converter 134 through a 
second 90 degree phase shifter 160* 

10 After applying mixing to baseband in said down~ 

converters 132, 134 said feedback signal is passed to 
said first summing junctions 112 and 114 respectively* 

* 

■ 

Said isolator eliminator 106 monitors transmitted 
15 . signals at LP2, i-e» after amplifiers and loop filters 
116 and 118 and before upconverters 120 and 122. Said 
loop filters of 116 and 118 are baseband low pass 
filters that consist o£ poles and zeros. 

20 With reference to Fig. 1 and 2 said isolator 

i 

eliminator 106 continuously collects an on-channel 
baseband signal as well as additionally transmitted 
small signal at a predefined frequency offset in 
relation to a transmission channel from both said 1- and 
25 Q-channels* 

In one embodiment (for TETRA communication system) 
where TETRA modulation bandwith is +/-12*15 kHz the 
small signal frequency offset can be 4- 12 .5 kHz (or - 
30 12-5 kHz)- Said small signal preferably must be located 
outside of desired modulation signal bandwith. I-channel 
LP2 signal is filtered through a centered, first narrow 
band pass filter 146 (band width 100Hz) and in parallel 
through a centered, first wide band pass filter 142 
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(band width 700Hz) at + 12.5 kHz (or -12.5 kHz) offset, 
whereas Q-channel LP2 signal is passed through a second 
narrow band pass filthy 148 and a second wide band pass 
filter 144, 

5 

Said baseband signals from said I- and Q-channels 
are filtered by a first and a second 8 kHz band width 
low pass filters 13$ and 140 respectively. 

» 

* 

10 Then outputs from said wide band pass filters 142 

and 144 and said narrow band pass filters 146 and 148 as 

m 

well as said low pass filters 138 and 140 are passed 
through root mean square (RMS) detectors 150, 152 and 
, 154 to a dividers 156 and 158. In a first divider 156 a 

15 first ratio of said small signal level after filtering 
in said wide band pass filters 142 and 144 to said on- 
channel baseband signal level is calculated, in a second 
divider 158 a second ratio of said small signal level 
after filtering in said narrow band pass filters 146 and 

20 148 to said on-channel baseband signal level is 
calculated. 

Results of said calculation are passed to a means 
for comparing 160. Said means for comparing 160 sends 

25 signal HlGHjL if said first ratio (divider 156 output) 

exceeds a first threshold THR1. Signal HIGHJS is sent if 
said second ratio (divider 158 output) is below a second 
threshold THR2 * Signal LOW is sent if said first ratio 
is below or equal THR1 and said second ratio is above or 

30 equal THR2. 

Said signal from said means for comparing 160 is 
received by a microprocessor 162 , which controls said 

W^yMQPMWSm: 11: 50 a 




I 
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input attenuators 108 and 110 of said I- and Q~channels, 
If said signal from said means for comparing 160 is 
HIGH^l said microprocessor 162 sends command to said 
input attenuators 108 and 110 to increase input 
5 attenuation setting 224 by a first constant value. If 
said signal from said means for comparing 160 is HIGH_2 
said microprocessor 162 sends command to said input 
attenuators 108 and 110 to reduce 228 input attenuation 
setting by a second constant value* 

10 

Said microprocessor 162 applies then a first or -a 
second delay 226 and 230 to execution of software, which 

■ 

based on next samples, calculates said first and said 
second ratio and increases or reduces said attenuation 
15 setting. Said first and said second delays are 

implemented by not reading results of said means for 
comparing 160 for defined period of time. Said first and 

* * 

said second delays are applied to ensure that after 
increasing said attenuation setting the output of other 
20 elements of the circuit, i.e. -said filters 138, 140, 
142 f 144, 146 and 148 will be stable (filter step 
response transient effect will be over) . Said first and 
said second delays' values can in one embodiment be 
equal and in another embodiment be different, 

25 

Said microprocessor 162 stores 232 said attenuation 
setting of said input attenuators 108 and 110 in a 
memory 164 „ 

30 By using two types of band pass filters (narrow 14 6 

and 148 as well as wide 142 and 144) it is possible to 
apply different rates of change of attenuation. As 
increasing attenuation fast in situation when Cartesian 
loop small signal gain is reduced due to VSWR is 



» 
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critical it is possible to use fast wide band pass 
filters 142 and 144 for calculation and decision on 
Increasing attenuation 224. On the other hand reducing 
attenuation 228 is not critical and may be done slowly 
(and more accurately) . For this purpose said small 
signal filtered in said narrow band pass filters 146 and 
148 is used. 




Pig. 2 shows a flow chart illustrating a method of 
10 adjusting an output level of a Cartesian loop 

transmitter 100 in a digital radio system according to 
one embodiment of the present invention. 



• In the first step 200 a small signal is generated 
15 at a predefined frequency offset. In one embodiment said 
small signal can be a sine wave tone. Said small signal 
is transmitted simultaneously with desired modulated 
TETRA signal. Said small signal level is about 30 dB 
below on-channel signal level. In next step 201 it L& 
20 checked whether said attenuation setting from previous 
slot are stored in said memory 164. if said data are 
available said Cartesian loop transmitter 100 is 
adjusted according to these setting 204. If this is a 
first slot in transmission and there are no said 
25 attenuation setting stored in said memory 164 a factory 
default setting is used 202 for adjusting said 
transmitter 100. When the transmitter 100 starts 
transmission said on-channel baseband signal level is 
measured 212 at LP2 after filtering in a low pass filter 
205.1, said small signal level is measured 214 and 216 
after filtering in a wide band pass filt&r 205.2 and 
additionally after filtering in a narrow band pass 
filter 205.3* 

Root mean square values of: 
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1) said cm-channel signal level 212, 

2) said small signal level after filtering - in 
said narrow band pass filters 214* 

3) said small signal level after filtering in 
said wide band pass filters 21 6 

are taken for said measurement and for calculation of 
ratios of said small signal level to said on-chemnel 
baseband signal level 218, 

» 

If said first ratio is below or equal to said first 
threshold and said second ratio, is above or equal to 
said second threshold then measurements of said on- 
channel baseband signal level 212 and said small signal 
level 214 and 216- are performed again. 

r 

If said first ratio exceeds said first threshold 
220, said attenuation setting of said input attenuators 
108 and 110 is increased 224 by a constant value. 
Additionally a first delay is applied 22 6 to execution 
of software, which based on next samples, calculates 
said ratio and increases said attenuation setting. ' 

If said second ratio is below said second threshold 
222 , said attenuation setting of said input attenuators 
108 and 110 is reduced 228 by a constant value. 
Additionally a second delay is applied 230 to execution 
of software, which based on next samples, calculates 
said ratio and increases said attenuation setting. 

As during one tiaie slot a plurality of samples are 
taken, the steps starting from measurement of said on- 
channel baseband signal level and of said small signal 
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level 212 to 216 through step of storing 232 o£ said 
attenuation setting are performed in a loop. 




Below, with reference to Fig. 3, which is a 
S simplified diagram of a known Cartesian loop transmitter 

300 r is a Short explanation o£ theoretical background of 
the method of adjusting the output level of Cartesian 
loop transmitter according to an embodiment of the 
present invention, 

10 

RFPA 304 is biased in class AB. Its stand alone 
Adjacent Channel Power- (ACP) is around 30 dB at nominal 
output power (1 Watt at antenna) , RFPA ACP is improved 
by the Cartesian loop gain [J3A) at offset frequency of 

15 interest. Let assume that for . 25 kHz offset a loop gain 
of 40 dB is designed. This means that close loop ACP at 
25 kHz offset will be 30+40=70 dB. If said RFPA 304 is 
driven into compression by Voltage Standing Wave Ratio 
(VSWR) changes its small signal gain drops 

20 significantly. When such a RFPA 304 is driven into 

compression, while operating inside Cartesian feedback 
transmitter, the loop gain <0A) will drop by the same 
amount as RFPA 304 small signal gain drops • For example 
if under some VSWR RFPA small signal gain drops by 10 dB 

25 then the loop gain (/3A) becomes 40-10**30 dB and 
resultant ACP at the antenna will be 30+30«60 dB. 
Resultant loop ACP will be degraded by the amount of 
RFPA small signal gain reduction. 

30 With reference to Fig. 3 the transfer function 

between LP2 and TX signal input from Digital Signal 
Processor {DSP) can be examined. 
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where 

H(jto) - is a loop filter transfer function; 
P - is a loop feedback 306 gain; 
5 g - is RFPA small signal gain, 

* 

Vi a - input voltage to the loop 

V L B2 - voltage after the loop filter 302 

i 

* 

For ATT £a -H(Ja)-g -y?»l it can be approximated 
Vzn gfi 

Note that g is fcJTPA 304 small signal gain. 

T 

From this transfer function w£ can see that if RFPA 
15 304 gain drops due to VSWR the/ signal at I*P2 will 
increase. This means that by looking at LP2 while 
transmitting we can estimate loop small signal gain 
change. It can be detected if said small signal gain of 
the loop drops and' the drive to the loop can be reduced 
20 by increasing attenuation of input attenuators 308 that 
are located before the loop summing j unction •* 

To acaurately estimate loop small signal gain 
changes together with baseband, signal a small signal is 

25 transmitted. The small signal is transmitted at +12.5 
kHz (or -12,5 kHz) offset. The power of this small 
signal will be 30 dB below the baseband signal 
transmitted power. Under such conditions this small 
signal will not have any influence on baseband signal 25 

30 kHfc ACP, Said small signal is detected at LP2 by passing 
it through bandpass filter and its root mean square 
voltage is monitored. 

Said generated small signal is always K <e*g* K=-30dLB) 
below the baseband signal power. So at the loop input: 



W */ V I «VUU 1 MXX JLXI'IU liXU. 
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P,,Xsmall signal) 
/J n (baseband) 




At LP2 level of said baseband signal baseband; 
and level of said small signal iWsmall signal; are 
measured. Relation between ratios of input signals and 
signals measured at LP2 may be described as follow: 



ignal) 



A- ^(baseband) P^jbaseband) 
(small signal) j£ 

P ln (baseband) 



it is evident that in the linear region R will be 
equal to 1. But when RFPR will be driven into 
compression said small signal power at LP2 will increase 

«d thus th e „ tio A^gff .m '^ SO in 

the compression region R will become larger then 1. 
15 Cartesian loop transmitter according to the present 
invention controls input loop attenuators for keeping 
the ratio R at some pre-defined range (between 
thresholds THR1 and THR2) and at the same time keeping 
ACP within limit. 

20 

In one embodiment, the isolator eliminator ICS is 
implemented in software executable on a Digital Signal 
Processor (DSP) , a software implementation is relatively 
low cost and allows easy reconfiguration. However 
25 hardware implementation is also possible. Nevertheless, 
it will be appreciated that the present invention may be 
implemented hardware or software and may be used in 
radio communication devices. 

30 
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A Cartesian loop transmitter (100) comprising a 
forward path (102) and a feedback path (104} , each 
of these paths comprising an I-channel and a Q- 
channel, as well as an isolator eliminator (106) 
chatacteri zed in that said transmitter (100) 
comprising: 

a) a first low pass filter (138) and a first wide 

band pass filter (142) connected to said I-channel 
at I,F2? 

b) a second low pass filter (140) and a second wide 

♦ * 

band pass filter (144) connected to said Q-channel 
at LP2; 

w 

* 

c) a first root mean square detector (150) collecting 
signal from said first wide band pass filter (142) 
apd from said second wide band pass filter (144>; 

d) a second root mean square detector (152) 
collecting signal froia said first low pass filter 
(138) and from said second low pass filter (140); 

e) a first divider (156) connected to said first and 
said second root, mean square detectors (150 and 
152) P 

£) a means for comparing (160) connected to said 
first divider (156) and to 

g) a microprocessor (162) connected to input 
attenuators (108 and 110) on said I- and Q- 
channels* 



to 



2. The Cartesian loop transmitter 
further comprising: 

a) a first narrow band pass filter (146) connected to 
said I-channel at LP2; 
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b) a second narrow band pass filter (148) connected 

to said Q-charmel at LP2; 
e) a third root mean square detector (154) collecting 
signal from said first narrow band pass filter 
5 (14 6) and from said second narrow band pass filter 

(148); 

d) a second divider (158) connected to said second 
and said third root mean square detectors (152 and 
154) and to said means for comparing (160) . 

3, The Cartesian loop transmitter according to claim 1 
or 2 wherein a memory (164) is connected to said 
microprocessor (162) ♦ 

15 4. The Cartesian loop transmitter according to any one 

of preceding claims wherein a generator (166) is 
connected to said microprocessor (162) . 



20 



5. The Cartesian loop transmitter according to claim 4 
wherein said generator is a sine wave generator. 



6, A method of adjusting an output level of a Cartesian 
loop transmitter (100) in a digital radio system, 
the method comprising the steps of: 
25 a) generating a small signal (200) at a predefined 

frequency offset; 
b) applying a factory predefined attenuation setting 
(202) for adjusting said output level if 
attenuation setting for a previous slot is not 
30 available (201) , or 

o) applying said attenuation setting obtained in 
previous (204) slot for adjusting said output 
level in a current slot; 

d) measuring an on-channel baseband signal level 
35 (212) at LP2; 



fcef-: CM06QG0EX/GBRI/PGS/BEN-AYON 

17 

e) measuring said small signal level (214) at a 

predefined frequency offset at LP2; 
*) calculating a first ratio (218) of said small 
signal level to said on-channel baseband signal 
level; and • 

g) increasing an attenuation setting (224) of an 
input -signal if said first ratio is above a first 
threshold (220) ; 

h) storing (232) said attenuation setting in a 
memory, 

7. The method according to claim 6 wherein said small 
signal level is measured after filtering in a wide 
band pass filter (205-2) • 

8, The method according to claim 6 or 7 wherein said 
on-channel signal level is measured after filtering 
in a low pass filter (205-1). 

9* The method according to any one of claims 6 to 8 

' ♦ * # e , 

further comprising steps: 

^1) measuring said small signal level (216) after 
filtering in a narrow band pass filter (205-3) 
at said predefined frequency offset at LP2; 

£1) calculating a second ratio (218) of said small 

signal level after filtering in said narrow band 
pass filter to said on-channel baseband signal 
level? and 

gl) reducing said attenuation setting (22B) of an 
input signal if said second ratio is below a 
second threshold (222), 

10. The method according to any one of claims 6 to 9 
wherein steps d) through h) are repeated in a loop 
until said first ratio and said second ratio are 
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between said first and said second thresholds and. 
until there is a modulated signal to transmit. 

11. The method according to any one of claims 6 to 10 
5 wherein for determining said first or said second 

ratio root mean square values of said on-channel 
baseband signal level (212) and a root mean square 
of said small signal level (214 and 216) are taken. 

10 12 • The method according to any one of claims 6 to 11 

wherein after increasing said attenuation setting a 
first delay is applied (226) to execution of 
software, which based on next samples , calculates 
said first and said second ratio and increases said 

15 attenuation setting. 

13* The method according to any one of claims 6 to 11 
wherein after reducing said attenuation setting a 
second delay is applied (230) to execution of 
20 software, which based on next samples, calculates 

said first and said second ratio and increases said 
attenuation setting. 

14. The method according to any one of claims 6 to 13 
25 wherein said small signal is generated on a level 

significantly below said on-channel signal level. 

15 • A radio transmitter according to any one of claims 1 
to 5 and which is operable to provide communications 
30 in at least TETRA and/or GSM and/or I DEW 

communication systems. 

16* A radio communication device incorporating a circuit 
according to any one o£ claims 1 to 5. 

35 




) 
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17. A radio communication device operating in accordance 
with a method according to any one of claims 6 to 
14. 
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Cartesian Loop TransmAibter; And Method Of Adjusting ftg 

Output Level Q£ Such transmitter 

* m 

In accordance with the present invention there is 
those provided a Cartesian loop transmitter (100) having 
an isolator eliminator circuitry (106) comprising a set 
of low pass (138, 140) and wide band pass (142, 144) as 
well as narrow band pass (14 6 r 148) filters for each of 
I- and Q-channels, root mean square detectors (152 , 154, 
15 S) and dividers (156, 158) connected to a means for 
comparing (ISO) , Signals from said means for comparing 
(160) are received by a microprocessor (162) which 
controls attenuation setting- There is also provided a 
method of adjusting an output level of such trans mi tter 
(100) . Said method comprises the step of generating a 
small signal (200) measuring an on-channel signal level 
(212) and said small signal level (214 r 215) and then 
calculating a first ratio (218) of said small signal to 
said on-channel signal. If said first ratio exceeds a 
defined threshold (220) said attenuation setting is 
increased (224) . 

Figure 1 to accompany the Abstract 
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